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Microencapsulation of essential oils by spray granulation
using spouted bed technology — Essential oils contain
the power of nature. To use this power companies aspire to
modern process technology. Because the microencapsu-
lation in closed cycle mode ensures high-quality products
as well as efficient production process.

D I P L . - I N G . A R N E T E I W E S *

Essential oils are volatile sub-
stances that are susceptible
to oxidation and light. They

change or can even lose their prop-
erties when coming into direct
contact with the environment. Up
to now, these phytochemicals have
found numerous uses and applica-
tions. For protection and easier
handling, as well as for better dos-
ing and targeted release proper-
ties, these substances are increas-
ingly offered and used by various

industries in an encapsulated and
often free-flowing form.
Several chemical and physical

processes are available for encap-
sulation. One key physical method
is the microencapsulation by spray
granulation in a spouted bed pro-
cess. Using a matrix containing
oil-in-water emulsion as a starting
material, the spray granulation
yields solid particles of defined
size in which the oil has been very
finely distributed in an optimal

way. The inclusion of a liquid with-
in a solid matrix inevitably increas-
es the moisture of the particles and
with that their tendency to ag-
glomerate. This makes a trou-
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ble-free application of traditional
fluidized bed processes difficult.
These encapsulation problems

can be avoided with the continu-
ous spouted bed technology devel-
oped by Glatt Ingenieurtechnik.
Furthermore, due to the thermody-
namic equilibrium conditions pres-
ent in a spray granulation process,
a certain part of the oil to be encap-
sulated escapes from the granula-
tion zone along with the fluidizing
air. This has two drawbacks; first-
ly, a considerable part of the active
substances is lost in the production
process and secondly, the permis-
sible legal limits for volatile organ-
ic substances in industrial exhaust
gases will be exceeded. Usually,
oil-containing granules are pro-
duced in a commonly used sin-
gle-pass system. For different vol-
atile oils, the processing parame-
ters with the highest impact were
determined by sensitivity analysis
for those systems. Adjustments of

the formulation, rate of spraying
and layer temperature resulted in
optimal encapsulation conditions
for this mode of operation and
yielded a maximum possible oil
recovery rate in the granules. Nev-

ertheless, depending on the mate-
rial system used, up to 20% of the
active substances will still be lost
in such a system. Consequently, a
higher oil recovery rate of the gran-
ules can only be achieved with a
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accompanies you from your original product idea to 
turn-key production. 

Would you like to have dust-free, easy-to-dose granules with defined 
parameters for bulk density, structure and grain size distribution? 
Get your products ready for tomorrow‘s market and improve their  
storage stability, hygroscopicity, solubility, look, taste, smell ...
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different processing gas flowman-
agement. Performing the encapsu-
lation in a closed cycle mode offers
the possibility of reducing the de-
cisive partial density ratio of parti-
cle to gas. The recirculation of the
exhaust air allows selective adjust-
ment of the oil concentration in the
supply air. The resulting increase
of the partial pressure of the oil in
the supply air has an immediate
effect on the transport of liquid in
the granules during the encapsu-
lation process. Thus, the reduced
partial pressure gradient of the oil
between the particle and the am-
bient gas leads to reduced oil loss
in the granulation process.

Closed Cycle Mode

Compared to a single-path pro-
cess, the encapsulation process in
closed cycle mode results in clear-
ly less contaminated air that needs
to be treated prior to being dis-
charged into the environment.
Since it is only the amounts of gas
introduced in the cycle operation
(e.g. atomizing gas, pneumatic fil-
ter cleaning) that have to be re-
moved from the system and treat-
ed, the energy and material input
for cleaning the exhaust air is sig-
nificantly lower for the same gran-
ulation performance.

Operating a continuous microen-
capsulation process in closed cycle
mode requires an additional pro-
cessing step for the treatment of
the exhaust air. Condensable com-

ponents, for example water used
as a solvent for the solid matter,
have to be condensed and dis-
charged from the cycle as other-
wise the supply air would be sat-
urated with solvents which pre-
vents a proper drying process of
the granules.

Increasing Oil Concentration

The redesign of the entire pro-
cess allows the oil concentration in
the supply air to the granulator to
be varied. The closed gas cycle of-
fers the opportunity of providing a
better supply air quality with less
humidity and a higher oil concen-
tration. An encapsulation process
operating with gas recirculation
(cycle mode) allows up to 10%
higher oil recovery rates to be
achieved compared to the sin-
gle-pass gas operation under com-
parable processing parameters.
The loss of oil via processing air

can be reduced by up to 99% with
the use of a condenser located in
the loop; and there is also a com-
parably low exhaust gas mass flow
rate.

However, when using just a con-
denser, none of the two gas flow
options will be able to ensure com-
pliance with the legally required
limiting values for volatile organic
substances. A specific exhaust air
cleaning unit that uses heteroge-
neous catalysis for the treatment
of contaminated exhaust air from
the encapsulation process makes
it possible for the first time to ar-
rive at a concentration that is up to
50% below the limiting value. This
type of exhaust air cleaning unit
operates at a temperature of 250°C
and needs no additional fuel for the
treatment of the exhaust gas when
compared to the conventionally
applied thermal systemswhere the
contaminating materials are com-
busted at temperatures of up to
900°C.
Since only the amounts of gas

have to be removed from the sys-
tem and treated that had previous-
ly been introduced, the energy and
material input for cleaning the ex-
haust air is significantly lower at
the same granulation performance.
The exhaust air stream from the
cycle operation is approximately
95% less than the air stream in
single-pass mode. From the energy
point of view, the cycle operation
offers a much more favorable way
of integrating an exhaust air clean-
ing unit while complying with the
legally required limiting values.
Apart from using less energy, there
is also less technical equipment
needed for the heterogeneous-cat-
alytic oxidation of volatile oils in a
closed cycle operation.

5,18
kWh/kg is the amount of product-related total
energy input for closed cycle operation with
heterogeneous-catalytic exhaust air treatment.

Closed Cycle Mode Offering a Economical Solution

ENERGY INPUT VS. INDUSTRIAL EMISSIONS

1,35
kWh/kg

7,16
kWh/kg

SINGLE-PASS
OPERATION

SINGLE-PASS OPERATION
WITH CONDENSATION

CLOSED CYCLE MODE

5,18
kWh/kg
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• Read more about spray
granulation and particle
design at process-
worldwide.com.
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Encapsulation by spray granulation
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